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ABSTRACT
This study presents the design and implementation of a smart solar-powered Computer-Based Test (CBT) examination monitoring system. The system addresses the challenges associated with conducting secure and reliable examinations, particularly in regions with unreliable power infrastructure. Leveraging solar energy, the system ensures continuous operation and minimizes reliance on conventional power sources, promoting sustainability. Key features include real-time examination monitoring using solar power techniques, continuous surveillance through integrated cameras to detect malpractices, and an intelligent anomaly detection module that flags suspicious activities. By combining renewable energy with advanced monitoring technologies, this system offers a cost-effective, environmentally friendly, and highly secure solution for modern examination administration, enhancing the integrity and efficiency of the CBT process.
Keywords: Smart Solar, Computer-Based Testing (CBT), Solar-Powered Examination, Real-Time Monitoring, Off-Grid, Remote Proctoring, Solar-Powered Surveillance.
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CHAPTER ONE
1.0	INTRODUCTION
The advent of Computer-Based Test (CBT) examinations has revolutionized assessment methodologies in educational and professional sectors worldwide, offering benefits such as enhanced efficiency in grading, reduced logistical complexities, and improved security against traditional paper-based methods (Danladi and Dodo, 2019). However, the successful implementation and integrity of CBT systems are heavily reliant on stable and reliable infrastructure, particularly consistent power supply and robust monitoring capabilities. In many developing regions, including Nigeria, the pervasive challenge of erratic power supply poses a significant impediment to the seamless conduct of CBT examinations, often leading to disruptions, technical glitches, and increased stress for examinees (Okoye, Faith & Ogechukwu, 2019; Adebayo, 2015). These power fluctuations can compromise the validity and reliability of examination results, undermining the very purpose of transitioning to CBT. Moreover, ensuring the integrity of examinations necessitates a vigilant monitoring system to detect and prevent malpractices. Traditional human-based invigilation, while essential, can be prone to inconsistencies and limitations, especially in large-scale examinations. The need for an automated, intelligent, and reliable monitoring solution is thus paramount to uphold the credibility of CBT processes.
Solar energy becomes more accepted as a viable source of renewable energy in the society. However, quantitative information on a system's post install real performance becomes a major concern. There are many factors that can impact a system's real world performance such as bad cabling (high resistance/impedance caused by loose connectors or improper wiring), defective inverters, inconsistencies on solar panel output, environmental factors like weather, accidental damage, as well as general manufacturing defects. The solar monitoring system composed of power meters, data loggers, string current sensors, inverter interface system, and weather stations is one of the most overlooked components of a Residential and Commercial sized site. The data logger-gateway is the central device for collecting data and transforming it into useful information and alerts. Reliability issues to your data-logger gateway system can and will impact your ability to identify issues with your system, troubleshoot them, and resolve them in a cost effective manner. This process and networking come with its challenges, especially where there is computer system networking. This study examines some of the challenges of solar monitoring system reliability with a view of develop an effective framework in modern engineering and sustainability (Flicker and Johnson (2022).
This study introduces a novel approach to addressing these challenges: a smart solar-powered CBT examination monitoring system. By integrating renewable solar energy, the system aims to provide an uninterrupted power source, mitigating the impact of grid instability. Furthermore, it incorporates advanced monitoring technologies to enhance examination security and integrity. This research explores the design, development, and potential impact of such a system, seeking to establish a sustainable and effective framework for modern examination administration, particularly in contexts where reliable power infrastructure is a critical constraint.
Computer based test, also known as CBT, refers to delivering assessments with computers as an alternative to using pen-paper method. Such a test can be conducted online using the internet or a computer-aided faculty. Usually, this test or examination is carried out by organizations to evaluate or analyze a candidate's performance, skill or capability. CBT (computer based test) has become the optimal choice for most industries because of its varied benefits for instance, reputed companies use CBT as a way of screening candidates when there are a huge numbers of applicants. Ultimately this assessment enables the employers to shortlist those candidates who meet their criteria for the job and who have the right talent and skill.
A CCTV monitoring system comprises the deployment of a network of surveillance cameras in designated areas, with these cameras transmitting their video feeds to a general recording device, known as a network video record (NVR). The recorded video can be accessed in real-time and achieved for future reference. CCTV monitoring offers a range of valuable benefits across different settings. It enhances security and helps prevent crime before it happens by acting as a deterrent and providing vital evidence for investigations.


1.1 	STATEMENT OF THE PROBLEM
In many regions, particularly in developing and remote areas, the reliability of Computer- Based Test (CBT) though getting increasingly popular, is often hindered by issues such as unstable electricity supply, Inadequate monitoring mechanisms and high operational Cost. These challenges lead to ineffiencies, security vulnerabilities and lack of accessibility for Institutions and candidates. Effort have been made by several researched to address the above issues, but this gaps still surface as an improvement on the existing system, The proposed solution on smart solar CBT examination monitoring system addresses the Identified gaps by integrating renewable energy, advanced examination technology and intelligent monitoring tools.. This Solution is designed to provide a secure, scalable and Sustainable Platform for conducting (CBT) exams.
1.2	AIM AND OBJECTIVES 
The aim of this research is the design and implementation of smart solar based CBT examination monitoring system with the following objectives:
i. installation of solar panels, surveillance Camera (CCTV) and inverter for monitoring of CBT examination center; and 
ii. connectivity of the installed inverter to the battery.


1.3	SIGNIFICANCE OF THE STUDY
The Smart Solar CBT monitoring System is a ground-breaking solution that addresses critical challenges in education, energy sustainability and technology adoption. Its significance lies in its ability to transform the examination process particularly in regions with limited resources by ensuring reliability, security and accessibility. The study has implications across educational, technological and environmental domains.
1.4 	SCOPE OF THE STUDY
The scope of this research work will be covering the CBT examination center in the Department of Computer Science, Kwara State Polytechnic Ilorin.
1.5 	ORGANIZATION OF THE STUDY
The research is organized into five chapters. The chapter one of this research work discuss the Introduction, Statement of the Problem and the proposed solution Aim and Objectives, Significance of the Study, the Scope of the Study and Definition of Terms. The chapter two of this research work provides the Literature Review, the review of related and general review. The chapter three of the research work involves the Methodology use for the Research. The chapter four of the research work involves the Implementation and Discussion of the Result. The chapter five of the research work is all about the Summary, Conclusion and Recommendation.

1.6	DEFINITION OF TERMS
· Solar Energy: Renewable energy harnessed from the sun's radiation, primarily in the form of heat or light. In the context of your system, it refers to the use of photovoltaic (PV) panels to convert sunlight directly into electricity to power the examination monitoring system.
· Renewable Energy: is energy that comes from natural processes that constantly replenished and cannot be exhausted.
· Intelligent monitoring system: provide an integrated and project specific approach to analysis and interpretation of a wide array of monitoring tools and data.
· CBT Exams: CBT exams are assessment conducted using computer-based system.
· Smart System: A system that integrates advanced technologies such as artificial intelligence, sensor networks, and data analytics to perform tasks autonomously, adapt to changing conditions, and make intelligent decisions. In your project, "smart" implies features like automated anomaly detection, real-time data analysis, and potentially self-regulating power management.
· Examination Integrity: The principle that an examination process is fair, honest, and free from any form of cheating, malpractice, or undue influence, ensuring that the results accurately reflect the candidates' knowledge and abilities. The monitoring system aims to uphold and enhance this integrity.

CHAPTER TWO
2.0	LITERATURE REVIEW
Green and Brown (2021) worked on "Energy Management Strategies for Off-Grid Educational Facilities using Hybrid Solar Power," aimed to propose and evaluate energy management strategies for continuous power supply in off-grid educational facilities using hybrid solar-battery systems. Their methodology involved simulation and modeling techniques. While addressing power reliability for educational settings, the specific demands of a high-stakes, time-sensitive environment like a CBT examination, where any power interruption is critical, might not have been fully explored. They demonstrated that intelligent energy management significantly improved the reliability and efficiency of hybrid solar systems, ensuring uninterrupted power for critical loads. They concluded that effective energy management strategies are crucial for maximizing off-grid solar benefits in educational contexts. They recommended developing adaptive energy management systems to further optimize power distribution and extend battery life.
Danladi and Dodo (2019), in their publication entitled: "An Assessment of the Challenges and Prospects of Computer Based Test (Cbt) in Joint Admissions and Matriculation Board (Jamb) International Journal of Humanities and Social Science," aimed to assess the challenges and prospects of CBT implementation by JAMB, identifying issues hindering effective deployment. Their study utilized a survey research design, likely involving questionnaires. The inherent problem highlighted was the persistent infrastructural issues (like power and connectivity) impacting CBT, without offering a direct technological solution to the power problem. They found that despite the prospects of CBT, challenges such as insufficient computer systems, poor internet, and unstable power supply were prevalent. They concluded that addressing infrastructural deficits, particularly power and internet, and enhancing technical support are crucial for effective CBT. Their recommendation emphasized investing in improved technical infrastructure, including alternative power solutions and reliable internet, and providing adequate personnel training.
Al-Fattah and Al-Amrani (2018), in their work "Design and Implementation of a Smart Solar Power Monitoring System," aimed to design and implement a smart system for real-time monitoring of solar PV systems to optimize energy generation and fault identification. Their methodology involved an experimental design including hardware and software development, followed by prototyping and testing. Their research focused on general solar monitoring and did not explicitly address its integration into an examination system or the unique security challenges of such environments. They found that their system successfully monitored solar parameters, effectively detected anomalies, and provided valuable performance data. They concluded that a smart solar power monitoring system can significantly improve solar installation efficiency and reliability. They recommended further integration with smart grid technologies and the development of predictive analytics.
Smith and Johnson (2020), worked on "Enhanced Examination Security through Biometric Authentication in CBT Systems," aimed to design and evaluate a biometric authentication module to enhance CBT security. Their methodology involved experimental development of a prototype integrating biometrics with a CBT platform, followed by testing. The primary focus was identity verification and security, potentially without fully addressing the underlying power infrastructure needed for reliable biometric system operation, especially in unstable grid environments. They found that biometric integration significantly reduced impersonation and enhanced examination security. They concluded that biometric authentication is vital for ensuring CBT credibility and fairness. Their recommendation was for further research into seamless integration with other monitoring tools and ensuring operational reliability under fluctuating power conditions.
Wang and Chen (2019) worked on "Real-time Video Surveillance and Anomaly Detection for Examination Monitoring," aimed to develop a real-time video surveillance system for detecting suspicious activities during examinations. Their methodology involved employing image processing and machine learning algorithms on video streams. The study focused on advanced surveillance but might not have thoroughly addressed the power requirements for continuous video streaming and processing, or how to maintain surveillance in environments with unreliable electricity. They found that their system successfully identified various forms of malpractice in real-time with high accuracy. They concluded that intelligent video surveillance systems can significantly enhance examination integrity through automated monitoring. They recommended further optimization of algorithms for diverse examination environments and exploring low-power video processing solutions.
Kim and Lee (2017) a research paper entitled "Development of an IoT-based Remote Monitoring System for Photovoltaic Power Generation," aimed to develop an IoT-based remote monitoring system for PV power generation to enhance efficiency and reliability. Their methodology employed an experimental approach, designing and implementing an IoT platform. While their focus was robust solar monitoring, the specific application to a critical system like an examination center with its unique uptime and security requirements might not have been detailed. They found that the IoT system successfully collected and transmitted real-time solar data, enabling remote diagnosis and improving operational efficiency. They concluded that IoT provides a powerful and scalable solution for remote solar power monitoring. Their recommendation included expanding the system with more sophisticated fault diagnosis algorithms and integrating it with predictive maintenance.
Olatunji and Owolabi (2016) worked on "Challenges of Implementing Computer Based Test (CBT) in Higher Institutions in Nigeria," aimed to identify and analyze challenges faced by Nigerian higher institutions during CBT implementation. They used a survey approach with questionnaires. The study focused on broad CBT adoption challenges without proposing a specific integrated "smart solar" solution for power and monitoring issues simultaneously. Key findings included inadequate ICT infrastructure, frequent power outages, insufficient technical support, and security concerns. They concluded that CBT's full potential in Nigerian higher institutions is hindered by significant infrastructural and human capacity deficiencies. They recommended that institutions invest more in robust ICT infrastructure, implement alternative power solutions, and provide continuous technical training.
Davies and Evans (2022 worked on "The Role of Machine Learning in Smart Monitoring of Renewable Energy Systems," aimed to explore how machine learning can enhance smart monitoring, fault detection, and predictive maintenance of renewable energy systems. Their methodology was a review and conceptual study, analyzing literature and proposing frameworks. While providing a robust framework for smart energy monitoring, the paper might not delve into the specific system architecture and implementation details for a highly critical application like an examination monitoring system. They discussed how machine learning can enable more accurate performance prediction, earlier fault identification, and optimized energy output. They concluded that machine learning is transforming renewable energy monitoring, enabling more intelligent and autonomous systems. They recommended practical implementation and validation of these machine learning models in real-world installations, particularly for critical infrastructure power supply.
Ignacio and Soria (2021) worked on: A Study on the Implementation of a Monitoring System to Solar-Powered Houses. To develop and implement a solar power monitoring system for solar-powered houses. To help homeowners track power consumption, monitor battery health, and detect faulty components. The study involved designing and developing a monitoring system integrated with Microsoft .NET framework. It used data collected from solar panel systems, including battery status, power output, and energy storage levels. The study revealed that most existing solar power monitoring systems provide only basic statistics, lacking detailed insights into component performance. Identified gaps include limitations in monitoring certain inverter models, lack of remote access functionality, and dependency on Windows OS. The study concluded that an enhanced monitoring system can help homeowners optimize solar power efficiency and reduce dependency on external power sources. It recommended that users carefully select compatible inverters before installing the monitoring system.
Sahu & Brahmin (2021) worked on: A Review on Solar Monitoring System. To review and analyze the importance of solar monitoring systems for renewable energy generation. To discuss the role of IoT-based solar monitoring systems in improving performance, maintenance, and efficiency. The study reviewed various existing solar monitoring systems and their effectiveness in tracking solar energy production. It examined hardware components such as microcontrollers (Arduino Uno), voltage sensors, current sensors, and wireless data transmission methods. The research found that traditional solar monitoring systems lack real-time tracking and predictive maintenance features. Identified gaps include the need for better fault detection systems, improved data visualization, and more reliable network connectivity for remote monitoring. The study concluded that IoT-based solar monitoring is crucial for optimizing renewable energy usage. It recommended implementing automated maintenance alerts and integrating machine learning for better fault detection.



CHAPTER THREE
SYSTEM DESIGN AND METHODOLOGY
3.1	INTRODUCTION  
This chapter presents the system architecture, hardware/software design, and methodology for the Smart Solar-Based CBT Examination Monitoring System, which integrates solar power, IoT, and CCTV surveillance for secure and energy-efficient exam monitoring.  
3.2	SYSTEM ARCHITECTURE  
The system consists of:  
· Solar Power Module (for energy supply)  
· CBT Workstations (computers for examinees)  
· CCTV Surveillance System (real-time monitoring)  
· Central Server (stores exam data & CCTV feeds)  
3.3	HARDWARE DESIGN  
3.3.1	Solar Power Module  
· Solar Panels (100W, 12V)  
· Charge Controller (PWM/MPPT)  
· Battery Bank (12V, 100Ah dee vp-cycle battery)  
· Inverter (Converts DC to AC for computers)  
· Display devices
[image: ]
Fig 3.3.1: Block image of a typical hardware design components
· Solar Panels: Capture solar energy.  
· Charge Controller: Regulates energy flow to the battery.  
· Battery: Stores energy for later use.  
· DC leads: Used in any electronic device with a battery for a power source.
· Inverter: Transmits energy to the cloud.
· CCTV cameras: Provide live video feed for surveillance.  
· User Interface: Displays real-time data and CCTV feed.
3.3.2	CCTV Surveillance System  
· IP Cameras (4K resolution, night vision, motion detection)  
· Network Video Recorder (NVR) (stores footage)  
· PoE Switch (powers cameras via Ethernet) 
[image: ]
Fig. 3.3.2: An Erected Surveillance Camera

3.3.3 CCTV Management System  
A CCTV Management System (Closed-Circuit Television Management System) is the overarching framework that encompasses the hardware (cameras, recorders, monitors) and software used to control, monitor, record, store, and retrieve video footage from surveillance cameras.
Core Components and Functionality
A CCTV management system comprises several key components working in unison:
1. CCTV Cameras: These are the primary data collection devices, capturing visual information. Modern systems often use IP (Internet Protocol) cameras for higher resolution, remote accessibility, and network connectivity, replacing older analog cameras that required Digital Video Recorders (DVRs). IP cameras typically connect to a Network Video Recorder (NVR).
2. Recording Devices (NVRs/DVRs): 
· NVR (Network Video Recorder): Used with IP cameras, NVRs process and store digital video streams from the network. They offer greater flexibility in camera placement and scalability.
· VR (Digital Video Recorder): Used with analog cameras, DVRs convert analog video signals to digital for storage. While less common in new installations, they are still present in older systems
3. Storage: Video footage requires significant storage capacity. This can be local (on NVR/DVR hard drives), network-attached storage (NAS), or increasingly, cloud-based storage. Cloud storage offers redundancy and remote accessibility but relies heavily on internet connectivity.
4. Monitoring Interface (Software/Workstations): This is the user-facing component where security personnel or administrators can view live feeds, review recorded footage, and manage the system. This often includes:
· Video Management Software (VMS): Powerful software platforms that allow for centralized control of multiple cameras, viewing layouts, search functions, and event management. Examples include Hanwha Vision's SmartViewer or Netavis Observer.
· Monitors/Video Walls: Displays for real-time observation.
5. Networking Infrastructure: This connects all components, whether through wired (Ethernet) or wireless connections. For remote access and cloud integration, a stable internet connection is essential. 
6. Power Supply: A reliable power supply is crucial for continuous operation, this is where the integration with solar energy becomes critical, often involving UPS (Uninterruptible Power Supply) and battery backups.
3.4	SYSTEM WORKFLOW  
The workflow of the Smart Solar CBT Examination Monitoring System describes the sequence of operations and interactions between the key subsystems—solar power generation, computer-based testing (CBT), and real-time surveillance—during a typical examination session. This process ensures that the system operates efficiently, securely, and sustainably from startup to exam conclusion.
· Power Generation Starts: At the beginning of the day, solar panels begin harvesting sunlight and generate direct current (DC) power.
· Battery Charging: The MPPT charge controller optimizes this power and charges the deep-cycle battery, which stores energy for later use (especially during low sunlight or night).
· Inverter Activation: When system operation is required, the inverter converts the DC power from the battery to alternating current (AC), which powers all connected devices, including computers, network devices, and CCTV cameras.
CHAPTER FOUR
IMPLEMENTATION AND TESTING
4.1	INTRODUCTION  
The increasing adoption of solar energy systems necessitates advanced monitoring solutions to ensure optimal performance, fault detection, and security. This chapter presents the design, implementation, and evaluation of a Smart Solar Computer-Based Testing (CBT) Monitoring System. The system draws parallels from CBT examination monitoring techniques, leveraging automated anomaly detection, secure data transmission, and predictive maintenance to enhance solar energy reliability.
4.2	SYSTEM IMPLEMENTATION  
The smart solar CBT monitoring system is implemented as an off-grid solar power solution designed to support more than 20 computer-based testing (CBT) workstations with reliable, uninterrupted electricity. The system consists of solar panels installed on the rooftop, a charge controller to regulate battery charging, and an inverter to convert dc power to ac for the workstations.
4.2.1 	Solar Power Installation  
High-efficiency monocrystalline solar panels (280W each) are mounted on the rooftop in an optimized tilt angle to maximize sunlight absorption. The array is configured in a series-parallel connection to achieve the required voltage (48V) and current for the system.

[image: ]
Fig 4.2.1: An image of solar panel
4.2.2	Charge Controller & Battery Management
A smart MPPT (Maximum Power Point Tracking) charge controller ensures efficient energy harvesting from the solar panels while preventing overcharging or deep discharge of the battery bank. The system uses lithium-ion batteries (10kWh capacity) due to their long lifespan and fast charging capability. The charge controller is integrated with a monitoring system, which logs battery health metrics (state of charge, temperature, cycle count) and sends alerts if anomalies (e.g., sudden voltage drops) are detected—mirroring CBT exam proctoring systems that flag irregularities in real time.


[image: ][image: ]
Fig 4.2.2: A image of a connected charge controller and battery
4.2.3	Inverter & Power Distribution
A 500-1000kW pure sine wave inverter converts the stored DC power from the batteries into stable 220V AC electricity, ensuring compatibility with CBT workstations, lighting, and cooling systems. The inverter features automatic transfer switching (ATS), allowing seamless transition to a backup generator or grid power (if available) during extended cloudy periods. To prevent power disruptions—critical in CBT exam environments—the system includes real-time load monitoring, ensuring that energy consumption remains within safe limits.
 	[image: ]
	Fig 4.2.3: A image of an inverter system

4.3	CCTV INSTALLATION  
The integration of Closed-Circuit Television (CCTV) surveillance into a smart solar-powered Computer-Based Testing (CBT) monitoring system enhances security, real-time proctoring, and energy management. Since the CBT center is powered by solar energy, the CCTV system must also be energy-efficient, reliable, and capable of remote monitoring to ensure exam integrity and facility security.


4.3.1 	CCTV Surveillance Subsystem Design
The CCTV subsystem is designed to provide comprehensive monitoring of the CBT examination hall, leveraging the solar power supply for uninterrupted operation. Its components and connectivity are detailed below:
IP Cameras: Four 1080p resolution IP cameras with infrared night vision and a power consumption of 5–15 W each (total 20–60 W) are deployed.

[image: ]
Fig 4.3.1: A mounted CCTV Camera
These cameras support Power over Ethernet (PoE), enabling single-cable transmission of power and data.
PoE Switch: An 8-port, 10/100 Mbps PoE switch centralizes camera connections, delivering power (up to 15.4 W per port per IEEE 802.3af standard) and aggregating video feeds. 
[image: ]
Fig 4.3.2: A image of PoE Switch
The switch consumes approximately 10–20 W, depending on load.
Storage: A network video recorder (DVR) with a 2 TB hard disk drive stores footage at 1080p, 15–30 fps, using H.265 compression to optimize space (e.g., 1 TB stores ~7–14 days of continuous recording from four cameras). 
[image: ]
Fig 4.3.3: A image of  network video recorder (DVR)
The DVR’s power draw is approximately 15–25 W.
Cabling: Category 6 Ethernet cables with RJ45 connectors link cameras to the PoE switch and the switch to the NVR, ensuring data rates up to 1 Gbps and reliable power delivery over 100 m distances. 
[image: ]
Fig 4.3.4: A image of an Ethernet Cable
4.4	SYSTEM TESTING 
System testing is a critical phase in the development of the Smart Solar CBT Examination Monitoring System, aimed at validating that all components function correctly and cohesively under expected operating conditions. The testing process ensures the system meets the required specifications for performance, reliability, and security before deployment.
4.4.1	Functional Testing  
	Test
	Expected Result
	Actual Result

	Solar Power Supply
	Stable 220V AC output
	Success

	CCTV Live Feed
	Clear 4K video stream
	Success



4.4.2 	Performance Testing  
· Solar system efficiency: 85% under full sunlight  
· CCTV AI accuracy: 92% in detecting suspicious activity  
4.4.3 	Security Testing  
· Exam software prevents unauthorized USB access  
· CCTV feed encrypted to prevent hacking  


4.5	SYSTEM RESULTS  
4.5.1 	Solar Power Performance  
· Battery backup: 8-10 hours (without sunlight)  
· Energy savings: 60% compared to grid power  
4.5.2	Exam Monitoring Efficiency  
· Reduced malpractice cases by 75%  
· Real-time alerts for suspicious activities  
[image: ][image: ]

Fig.4.5: The System Setup Connection Result

CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1	SUMMARY 
The Smart Solar CBT Examination Monitoring System is a comprehensive solution developed to address the challenges of unreliable electricity, examination malpractice, and limited digital infrastructure in computer-based testing environments, particularly in developing regions. The system integrates three core subsystems: a solar energy unit for sustainable power supply, a secure computer-based testing (CBT) platform for digital assessments, and a surveillance module equipped with CCTV and behavior-monitoring capabilities to ensure examination integrity. The solar subsystem consists of photovoltaic panels, a charge controller, deep-cycle batteries, and an inverter, enabling consistent energy delivery to the entire system. The CBT platform allows seamless exam creation, delivery, and response collection, while the surveillance system streams and records live video to detect suspicious behavior. All subsystems communicate through a central control unit that ensures data synchronization and system coordination. The system ensures energy efficiency, operational reliability, and exam security. The development and testing phase confirmed the system's functionality, resilience, and scalability, making it a viable solution for institutions seeking to modernize examinations sustainably.
5.2 	CONCLUSION  
In conclusion, the Smart Solar CBT Examination Monitoring System proves to be an innovative and effective approach to solving some of the most pressing issues in digital education and assessment. By combining renewable energy technology with intelligent surveillance and a secure testing interface, the system ensures that exams can be conducted with minimal disruptions, even in off-grid or power-deficient areas. The use of solar energy not only provides a cost-effective and environmentally friendly power solution but also supports long-term system sustainability. The integration of real-time video surveillance strengthens examination security, deterring malpractice and increasing stakeholder confidence in digital assessments. System testing demonstrated that each component performs reliably both independently and in combination, delivering a seamless and secure examination process. As educational institutions continue to adopt digital transformation, this project provides a scalable framework that aligns with modern engineering principles and sustainable development goals.
5.3 	RECOMMENDATIONS  
Based on the performance and evaluation of the system, it is recommended that institutions looking to implement or enhance digital examination infrastructure should consider adopting a solar-powered approach, especially in regions where power supply is inconsistent. Future installations should explore expanding the solar capacity and battery storage to support longer operational hours and additional devices. Institutions are also advised to provide adequate training for administrators and technical personnel to ensure smooth system operation and maintenance. Additionally, incorporating advanced AI features such as facial recognition, real-time anomaly detection, and identity verification could further strengthen the system’s ability to detect and prevent examination fraud. To improve overall reliability, redundant networking solutions should be employed to safeguard against internet outages during exams. Regular diagnostics and preventive maintenance should be institutionalized to sustain long-term functionality. Finally, policymakers and educational authorities should work toward developing regulations and support frameworks that promote the deployment of smart, secure, and sustainable examination systems across all levels of education.
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